[001] DEVICE FOR THE CONTROL OF A HYDRAULICALLY 

ACTUATED CLUTCH OF AN AUTOMATIC TRANSMISSION 

[002] 
[003] 

[004] The invention concerns a device for the control of a hydraulically actuated 

clutch of an automatic transmission of a motor vehicle, of the type defined in 
greater detail in the preamble of Claim 1 . 

[005] 

[006] In an automatic transmission, depending on the operating mode selected, 

such as "forward drive", "reverse drive", "neutral" or "parking", shift elements made 
as clutches or brakes are actuated by a hydraulic control system. Recent 
automatic transmissions often have an electrified hydraulic shift mechanism, by 
means of which a so-termed E-shift, i.e., an electrical active connection can be 
established between an operating device inside the vehicle and an electric 
hydraulic control device on the gearbox of the motor vehicle, without mechanical 
devices such as a selector slide plate. 

[007] An electronic-hydraulic device for an automatic shift motor vehicle 

transmission, in which the active connection between a device for influencing the 
shift and/or drive program and the transmission control is made electrically and in 
which, via the electric active connection, an electronic control unit of the electronic 
hydraulic control device is controlled directly, is described in DE 198 58 540 A1, 
to the full content of which reference is made. In the automatic transmission 
known therefrom, electrically controlled magnetic valves and electrically controlled 
pressure regulation valves are manipulated directly by the electronic control unit. 
If the electronic control unit fails, the magnetic valves provided as actuators and 
the electric pressure regulation valves are switched off. Thereby, by the action of 
pressure on certain clutches associated control valves are pressurized, so that 
driving can continue in an emergency gear. 



-2- 

[008] If the vehicle is in a low gear before the defect occurs, then a low 

emergency gear is engaged. When the vehicle is in a higher gear before the 
defect occurs, a high emergency gear is engaged. 

[009] In an automatic transmission of the type with electrical control, the clutches 

must only be supplied with pressure after ensuring that the electronic transmission 
control system is fully operational. This supply takes place, as a rule, by moving 
a slide valve, usually known as the position valve, by means of an electric actuator. 

[010] To maintain the pressure supply in a transmission emergency program in 

which the electric supply has failed and all the electric actuators are in their starting 
position, the electric signal from the actuator must be replaced by another signal 
available in the emergency program since, otherwise, at least the most recently 
engaged operating condition or transmission range cannot be maintained. 

[011] Particularly in control devices with short hydraulic lines, which cannot 

provide any hydraulic elasticity because of the small volumes involved, spring 
feeds are used by virtue of which, if the electronic system fails, the pressure in the 
line can be maintained at least for as long as it takes for the spring feed to become 
unstressed. However, as soon as such a spring feed has become empty or the 
spring has reached an abutment, in this case too the pressure supply to the clutch 
collapses. Thus, such spring feeds are only able to bridge over very short 
electronic breakdowns, for example, 20 milliseconds or so, during which otherwise 
the valve would otherwise be switched over. 

[012] As a hydraulic spring feed the pressure of a clutch can be used whose 

pressure is maintained even during a brief undersupply of the system pressure. 
For example, if a pressure reservoir function of 1 bar has been chosen in the 
design of the position valve, the holding function must not exceed a clutch 
pressure of 1 bar. 

[013] The result of this low holding pressure is that in the "neutral" and "reverse 

drive" operating conditions, in some circumstances even when the control pressure 
is only very slightly deficient the self-holding of the position valve is activated. 
Thus, in the "neutral" operating condition in which all the clutch valves are 
pressurized but do not transfer the pressures to the clutches, a slight error on the 



part of the electronic transmission control or actuator leads to energizing of the 
valve which results in a pressure supply to a clutch. When the clutch has already 
reached its holding pressure for example, 1 bar when the fault is recognized, in an 
emergency program the shift position "neutral" actually desired, which was the 
operating condition before the defect occurred, can no longer be maintained. 
Rather, the vehicle drives on in an emergency gear, for example, third gear. 
Accordingly in some circumstances, the vehicle can begin moving even though the 
driver has selected the "neutral" shift position and so assumes that the vehicle will 
remain at rest. 

[014] A similar problem arises in the event of a fault when the operating condition 

"reverse drive" is engaged since, in this case, during emergency drive operation 
the operating condition "neutral" or "parking" should be selected and starting off, 
for example, in the third gear of the forward drive mode, should be avoided. 

[015] The purpose of the invention, therefore, is to provide a device for the control 

of a hydraulically actuated clutch of an automatic transmission of a motor vehicle, 
with which, by virtue of appropriate pressure regulator design, a current operating 
condition can be maintained until a sure fault diagnosis can be carried out by an 
electronic transmission control system, before an emergency gear is activated. 

[016] According to the invention, this objective is achieved with a device for the 

control of a hydraulically actuated clutch of a motor vehicle, having the 
characteristics of Claim 1 . 

[017] 

[018] The device, according to the invention, has the advantage that the second 

piston associated with the emergency operation device, which is in communication 
via a second working space with the clutch space of the clutch or that of a clutch 
connected in parallel therewith, forms a kind of damper when the actuator is 
switched off, which can maintain the filling or emptying of the clutch by holding the 
valve piston being adjusted in a position corresponding to the current operating 
condition, for a time sufficient for the electronic transmission control system to 
effect a sure fault diagnosis. 
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[019] With sufficient diagnosis time, the activation of an operating mode which is 

incorrect for the current operating condition and possibly an emergency gear 
predetermined for this, with the resultant negative consequences, can be avoided 
and instead an actually required operating mode can be activated with great 
reliability. Thus, after a defective electronic signal the vehicle can, for example, 
be prevented from moving forward by shifting from "neutral" to a hydraulic 
emergency gear and being held therein, before the defect has been confirmed by 
a computation step running in parallel. 

[020] In an advantageous embodiment of the invention, the second working 

space, via which the second piston of the emergency operation device additional 
to the valve piston can be pressurized, is connected to the clutch space of the 
clutch to be controlled, so that if the electric actuator which adjusts the control 
pressure is erroneously switched off by virtue of structurally simple means the 
valve pressure is maintained by the clutch pressure for a time sufficient for a sure 
fault diagnosis. 

[021] 

[022] Other advantages and advantageous design features of the device 

according to the invention emerge from the description, the claims and the 
drawing. Two example embodiments of a device, according to the invention, 
for controlling a hydraulically actuated clutch of an automatic transmission are 
shown in the drawing in schematically simplified form, and will be explained in 
greater detail in the description presented below. The drawing show: 

[023] Fig. 1 is an outline of the principle of a first example embodiment of a device 

according to the invention, for controlling a clutch with a slide-valve mechanism 
shown in longitudinal section in which the "neutral" operating mode is activated; 

[024] Fig. 2 is another outline of the principle of the device for controlling a clutch 

according to Fig. 1, with an emergency gear activated in the "forward drive" 
operating mode; 
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[025] Fig. 3 is an outline of the principle of a second embodiment of a device, 

according to the invention, with a slide-valve mechanism shown in longitudinal 
section, which maintains the "neutral" operating mode; and 

[026] Fig. 4 is an outline of the principle of the device according to Fig. 3, 

in which an emergency gear is activated in the "forward drive" operating mode. 

[027] 

[028] Referring to Figs. 1 to 4, in each case a device for controlling a hydraulically 

actuated clutch 1 of an automatic transmission of a motor vehicle is shown, the 
clutch 1 in the Figures being represented only by a symbolically indicated clutch 
space 2. The device for controlling the clutch 1 has a slide-valve mechanism 3 by 
means of which the clutch can be pressurized or pressure-relieved as necessary 
to establish a "forward drive" or "reverse drive" or "neutral" or "parking" operating 
mode. Thus, the slide-valve mechanism 3 constitutes a position valve or a drive- 
mode valve which performs the task of a mechanical selector slide-block, in that 
it establishes the operating position or operating mode and the pressurization of 
the clutch 1 necessary for it. 

[029] For this purpose, the slide-valve mechanism 3 comprises a valve piston 4, 

which can move within a longitudinal bore 5 of a cylinder-like housing 6 between 
a first working space 7 which is connected via a control line 8 to a control 
pressure p_MV that can be adjusted by means of an electrically operated 
actuator 9, and a restoring space 10 containing a restoring spring 11 which acts 
upon the valve piston 4. 

[030] In the example embodiment shown, the electrically operated actuator 9 

consists of a magnetic valve connected to an electronic transmission control unit. 
Alternatively, however, the actuator which adjusts the control pressure p_MV can 
obviously also be a piezoelectric actuator or some other electrically operated 
actuator. 

[031] In the embodiments shown in the Figures, the valve piston 4 is, in each 

case, formed with two stepped-piston-like piston sections 4A, 4B, which delimit 
within the housing 6 a pressure space 12 connected via a line 13 with the piston 
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space 2 of the clutch 1 to be controlled. Depending on the valve position or the 
axial position of the valve piston 4, the piston sections 4A, 4B that delimit the 
pressure space 12 provide a connection to a pressure feed line 14 which delivers 
a system pressure p_sys or a connection to a pressure-relief line 15 that leads to 
a tank. 

[032] As an emergency operation device in each of the embodiments shown in 

the Figures, it is provided that when the actuator 9 is switched off, for example, 
because of an electric power failure, the pressure in the first working space 7 is 
maintained by a second piston 16 or 17, respectively, to enable transition to an 
emergency operation mode assigned to the current operation mode, the second 
piston 16 or 17 being in communication with the clutch space 2 of the clutch 1 via 
a respective second working space 18 or 19 delimited by the piston. 

[033] In an embodiment differing from this, it can also be provided that the second 

working space 18 or 19 communicates with a clutch space of a clutch connected 
in parallel to the clutch 1 being controlled. 

[034] In addition, depending on the position of the valve piston 4, the second 

working space 18 or 19 can be connected via a line 20 or 21, respectively, to a 
pressure-relief space which, in the embodiments shown, is in each case the 
restoring space 10 containing the restoring spring 11 that acts on the valve 
piston 4 and which is connected to a tank. 

[035] In the first embodiment variant shown in Figs. 1 and 2, the second piston 1 6 

can move within a separate valve housing 22 between the second working 
space 18 formed therein and a spring space 23, which depressurizes into a tank 
and in which there is a restoring spring 24 that acts on the second piston 16. Into 
the said second working space 18, there opens a line 25 via which the second 
working space is connected to the clutch space 2 of the clutch 1 , the connection 
between the second working space 18 and the clutch space 2 of the clutch 1 
taking place via a throttle 26. 

[036] In the area between the throttle 26 and the second working space 18, 

the line 25 which delivers the clutch pressure p_K to the piston 16 has parallel 
branches, namely a first branch 25A opening into the second working space 18 



-7- 



and a second branch 25B which, when the second piston 16 is displaced by a 
defined amount, can be connected to the line 20 which, depending on the position 
of the valve piston 4, is connected to the pressure-relief or the restoring space 10 
or via an OR-valve 28, to the control line 8 leading to the first working space 7. 

[037] For this purpose, the line 20 branches into a first branch 20A, which opens 

via a control baffle intb an aperture cross-section in the restoring space 10 which 
can be closed off by the second piston section 4B of the valve piston 4, and into 
a second branch 2GB which leads to the OR-valve 28 in this case made as a ball 
valve. The OR-valve 28 closes when pressure is supplied on the control line 
side 8 towards the connection line 20, allowing the first working space 7 to be 
filled, while in contrast when pressure is supplied on the side of the connection 
line 20 it opens a connection between the latter and the first working space 7. 

[038] In a structurally different design the OR-valve 28 can also be made as a 

slide-valve or as a ball rocker. 

[039] In the embodiment shown in Figs. 1 and 2, the hydraulic pressure medium 

connection between the lines 25 and 25B that deliver the clutch pressure p_K to 
the second piston 16 and the line 20 that can be connected to the pressure-relief 
space 10 or to the first working space 7, is provided by a shift groove 29 formed 
at the circumference of the second piston 16, into which open the line 25B that 
conveys the clutch pressure p_K and the line 20 leading to the pressure-relief 
space 1 0 or to the first working space 7 when the second piston 1 6 is displaced by 
a defined amount. Alternatively, however, a corresponding groove can be 
provided in the valve housing 22. 

[040] In Fig. 1 , the slide-valve system 3 is shown in a condition in which, when the 

"neutral" or "reverse drive" operating mode is activated as current, deactivation of 
the actuator 9 that adjusts the control pressure p_MV has been recognized. 
For this case, in the present version, the operating mode "parking" is assigned as 
the emergency operating mode for the "neutral" and "reverse drive" operating 
modes. 

[041] In the event that the actuator 9 formed as a magnetic valve fails, the 

position of the second piston 16 is decisive for the emergency gear established. 
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The deactivation of the actuator 9 results in a fall of the control pressure p_MV 
and, under the action of its restoring spring 1 1 , the valve piston 4 nnoves towards 
the first working space 7 into a position corresponding to the "parking" operating 
mode, whereupon the piston sections 4A, 4B of the valve piston 4 first reduce and 
finally close the aperture cross-section of the pressure line 14 that conveys the 
system pressure p_MV to the pressure space 12, and open the aperture cross- 
section of the pressure-relief line 15 arranged between the first working space 7 
and the line 13 leading to the clutch space 2. 

[042] When the actuator 9 is switched off in the "neutral" operating condition, 

the second piston 16 remains in its end position (shown in Fig, 1) since it is not 
acted on by the clutch pressure p_K, while the valve piston 4 takes up its position 
corresponding to the "parking" operating condition. 

[043] If the electric actuator 9 is switched off before or during a movement of the 

second piston 16, so that a clutch pressure p_K is present in the second working 
space 18, the position valve 4 is pushed by the restoring spring 11 while, at the 
same time, the second piston 16 is pushed by the residual clutch pressure p_K of 
the clutch 1 against the force of the spring 24 until the control edge of the shift 
groove 29 facing towards the restoring spring 24 reaches the aperture cross- 
section of the line branch 25B delivering the clutch pressure p_K and the aperture 
cross-section of the line 20 that can be connected to the restoring and pressure- 
relief space 10 or to the first working space 7, whereby the shift groove 29 opens 
the hydraulic connection between these lines 25B and 20. 

[044] Via the line 20 now connected to the restoring and pressure-relief space 1 0, 

the pressure in the first working space 18 is relieved, the aperture cross-section 
of the control baffle being considerably larger than that of the throttle 26. In this 
way, the pressure supply of the clutch 1 is cut off and the second piston 1 6 is 
pushed back by its restoring spring 24 to the starting or abutment position shown 
in Fig. 1. 

[045] Thus, the clutch pressure p_K is transmitted to the valve piston 4 by the 

second piston 16, which is itself pushed by the clutch pressure p_K. In this 
situation the second piston 1 6 acts as a volume damper and timing element since. 
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on account of its volume and the throttle 26, its movement takes a time 
predetermined by appropriate dimensioning, this constituting a delay time which 
makes it possible for the electronic control unit and its fault diagnosis system to 
shift to a safe emergency gear. 

[046] In Fig. 2, the slide-valve mechanism 3 is shown in the "forward drive" 

emergency operation mode in which the second piston 29 is in an abutment 
position against the force of its restoring spring 24. 

[047] If the actuator 9 that adjusts the control pressure p_l\/lV is switched off then, 

by virtue of the pressure medium connection enabled by switching of the 
OR-valve 28 between the line 20 delivering the clutch pressure p_K and the first 
working space 7, the valve piston 4 is held in its position corresponding to the 
current "forward drive" operating condition until the clutch pressure p_K acting on 
the second piston 1 6 that serves as a damper becomes smaller than the restoring 
pressure acting on the valve piston 4. Thus, the valve piston 4 is moved only once 
the clutch 1 has been emptied completely. 

[048] In the variant embodiment shown in Figs. 3 and 4, the second piston 17 is 

arranged in the longitudinal bore 5 within which the valve piston 4 can move 
longitudinally in the housing 6, so that the first working space 7 is separated by the 
second piston 17 from the second working space 19. In the embodiment shown 
here, the surfaces of the valve piston 4 and of the second piston 17 facing the first 
working space 7 are chosen to be the same size. 

[049] As in the embodiment according to Figs. 1 and 2, a line 27 opens into the 

second working space 19 via which the second working space 19 is in 
communication with the clutch space 2 of the clutch 1. In the embodiment of 
Figs. 3 and 4, this connection again passes via the throttle 26 arranged between 
the clutch space 2 of the clutch 1 in a branch of the line 21 that can be connected 
to the pressure-relief space 1 0 and, in this case too, the throttle 26 has an aperture 
cross-section many times smaller than the maximum aperture cross-section of the 
line 21 that can be connected to the pressure-relief space 10, 

[050] In the position of the slide-valve mechanism 3 (shown in Fig. 3), the second 

piston 1 7, on whose position the emergency gear selected depends, is in a starting 
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position where the control pressure p_MV on the side of the actuator 9 is 
substantially higher than the clutch pressure p_K. In this position, which exists 
during the "neutral" operating condition, when the actuator 9 is switched off the 
"parking" emergency operating mode is adopted. 

[051] As described for Figs. 1 and 2, when it is recognized that the actuator 9 is 

off, the valve piston is pushed by the force of the restoring spring 1 1 towards the 
first worl<ing space 7. A residual clutch pressure p_K pushes the second piston 17 
towards the valve piston 4. Before the two pistons 4 and 17 come into contact, 
via a control baffle, the valve piston 4 vents the second working space 19 and the 
line 21 branching off from the line 27 that delivers the clutch pressure p_K by 
opening the aperture cross-section of the line 21 to the hydraulically 
pressure-relieved restoring space 10. The aperture cross-section of the control 
baffle is then many times larger than that of the throttle 26 which lets the clutch 
pressure p_K through, via the line 21, to the second piston 21. Due to the 
pressure-relief of the second piston 17 on the side of the second working space 
19, the valve piston 4 and the second piston 17 are pushed by the restoring spring 
1 1 back to the starting position. This interrupts the pressure supply to the clutch 
1 and the "parking" emergency operating mode is established. 

[052] In Fig. 4, the second piston 17 is shown in an end position up against the 

valve piston 4, as is the case in the "forward drive" operating mode. To get to this 
position, owing to the equality of areas the clutch pressure p_K acting on the 
second piston 17 from the side of the second working space 19 must be higher 
than the control pressure p_MV set by the actuator 9. 

[053] If the actuator 9 is switched off while in this position, "forward drive" is 

adopted as the emergency operating mode. When this happens the control line 8, 
which delivers the control pressure p_MV set by the actuator 9 to the first working 
space 7, is closed by the second piston 1 7. When the control pressure p_MV falls, 
the second piston 17 keeps the valve piston 4 in a position corresponding to the 
current "forward drive" operating mode until the clutch pressure p_K on the side 
of the second working space 19 is smaller than the restoring pressure acting on 
the valve piston 4, which is only the case once the clutch 1 is completely empty. 
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Only when the clutch pressure p_K is smaller than the restoring pressure on the 
valve piston 16, is the valve piston 16 pushed back again by the restoring 
spring 11. 

[054] In the variant embodiment according to Figs. 3 and 4 the second piston 17 

thus constitutes an additional shift piston, by means of which the clutch 
pressure p_K is transmitted to the valve piston 4. In this version too,a there is a 
reaction delay, which provides the diagnostic system of the electronic transmission 
control unit with sufficient time to activate a safe emergency gear. 
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